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Abstract 
Enriching, separating and selecting strains form the soil around Zhengzhou University canteen which has great 
degradability for cooking oil, b1, b2, b3, b4, m1, a1, among which b4 is the best. And studied the growth conditions and 
the degradation conditions of b4, the results showed that the optimal growing condition is as follows: carbon source 
(beef extract) 2.0g/L, nitrogen source (peptone) 5.0g/L, shaker rotation speed 150r/min; its optimal degradation 
condition: initial pH value 5.0, cooking oil concentration 3.0g/L, degradation temperature 30 , the degradation rate ć
of oil will stabilize at above 48% after 32h.  
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1. Introduction  
In recent years, with the rapid development of catering services, the environmental pollution problems 
have become increasingly prominent because of the production of a large number of oil emissions. There 
are at least 300 kinds of compositions in oil emissions, such as fatty acids, alkanes,    olefins, aldehydes, 
ketones, alcohols, esters, aromatic compounds and heterocyclic compounds [1]. The previous study 
showed that substances in oil emissions could cause gene mutation, DNA damage and chromosomal 
damage, which are not only genetically toxic, but also potentially carcinogenic [2]. Furthermore, a 
complex chemical reaction would occur and form Photochemical smog, which is the main source of 
urban air pollution [3]. As a result, it is urgent to control the oil emissions effectively. 
Currently, the main methods to control oil emissions include electrostatic, adsorption purification, 
filtration, washing liquid, mist purification, inertial separation, thermal oxidation incineration, catalytic 
purification etc., but these methods have not been widely applied because of high cost, complex 
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operation ,maintenance professionals, need to weaknesses has not been widely used[5]. Microorganisms in 
the biological purification can take advantage of nutrients in emissions to grow and reproduce, and 
resolve these organic components into carbon dioxide and water. It is effective, safe and non-secondary 
polluted, besides, the cost of capital construction and maintenance is low. It has become a hot issue for 
concern and research. In this work, the enrichment, separation, selection of oil emissions degrading 
bacteria and its optimal growth conditions were tested. Furthermore, it could be used as a theoretical and 
experimental basis for the running of bio-filter degrading oil emissions. 
2. Materials and methods 
2.1. Materials
Strain source: Soil that polluted by soot for a long time near blow-off lines of dining hall in the new 
campus of Zhengzhou University˗
Petroleum ether˖analytical pure, produced by Tianjin Fuyu Fine Chemicals Company Limited, 
boiling range 90-120 .ć
2.2. Medium
Enrichment medium:NaNO3 7.0g, K2HPO4 1.0g, KH2PO4 0.5g, KCl 0.1g, MgSO4 0.5g, CaCl2 0.01g, 
FeSO4·7H2O 0.01g, cooking oil 1.0g, tap water 1000ml, natural pH value. 
Preliminary screening medium: NaNO3 7.0g, K2HPO4 1.0g, KH2PO4 0.5g, KCl 0.1g, MgSO4 0.5g, 
CaCl2 0.01g, FeSO4·7H2O 0.01g, cooking oil 5.0g, agar 20g, tap water 1000ml, natural pH value. 
Shaker medium:NaNO3 7.0g, K2HPO4 1.0g, KH2PO4 0.5g, KCl 0.1g, MgSO4 0.5g, CaCl2 0.01g, 
FeSO4·7H2O 0.01g, cooking oil 5.0g, tap water 1000ml, natural pH value. 
Count medium: 
Bacterium: peptone 5g, NaCl 5g, beef extract 3g, agar 18g, water 1000ml, natural pH value; 
Mould: glucose 10g, peptone 5g, KH2PO4 1.0g, MgSO4·7H2O 0.5g, 1% Rose Bengal solution 3.3ml, 
agar 18g, water 1000ml, natural pH value, add 1% streptomycin solution 3.3ml after sterilization; 
Actinomycetes: soluble starch 20g, KNO3 1.0g, K2HPO4 0.5g, MgSO4·7H2O 0.5g, 10%FeSO4·7H2O
solution 2 drops, 3% potassium dichromate solution 3.3ml, agar 18g, water 1000ml, natural pH value. 
2.3. Testing Methods 
1) Enrichment of Strain 
Sampling separately from 5 locations that be seriously polluted, measuring 5g of soil sample that be 
mixed evenly and putting it into the triangular flask that contains 45ml sterile water. Shaking 30min to 
disperse the microbial cells, holding 30s. Using sterile sucker to take 5ml of above soil suspension and 
inoculate it to the 95ml enrichment medium, develop it for 4 days in a 120r/min shaker under the 
temperature of 30  and set 3 repeats.ć
2) Preliminary Screening of Strain 
Adopt dilute coating panel method and streak method to do the strain screening successively. 
3) Rescreening of Strain 
Inoculate the bacteria separately to triangular flask that contains 50ml’s shaker medium, and set 3 
repeats and 3 blank controls. Then develop it for 48 hours in a 120r/min shaker under the temperature of 
30  to analyze the growth and cooking oil degradation situation of strains.ć
4) Optimizing of the growth condition of strains 
Inoculate the best bacteria to beef extract and peptone medium which is with natural pH value and a 
liquid volume of 50ml, and develop it for 48 hours in shaker under 30 . Do singleć -factor test on carbon, 
nitrogen, shaker’s rotation speed respectively to determine the optimal growth conditions of strain. 
40   Shunyi Lia and Hongyan Mab /  Procedia Environmental Sciences  12 ( 2012 )  38 – 44 
Different mass concentration of beef extract: 1.0, 2.0, 3.0, 4.0, 5.0g/L; different mass concentration of 
peptone: 3.0, 4.0, 5.0, 6.0, 7.0g/L; different shaker’s rotation speed: 90, 110, 130, 150, 170r/min. 
5) Optimizing of the degrading condition of strains 
Adopt rescreening medium to do single-factor test on initial pH value(3.0, 4.0, 5.0, 6.0, 7.0˅;
concentration of cooking oil(1.0, 2.0, 3.0, 4.0, 5.0g/L˅ ; degrading period(16, 24, 32, 40, 48h)and 
degrading temperature˄25, 30, 35, 40, 45ć˅to determine the optimal degrading condition. 
6) Measuring of strain growth 
Adopt dilute panel count method (reference).  
7) Measuring cooking oil 
The preparation of standard oil: the preparation of standard oil should refer to GWPBS-2000 “The Oil 
Emissions Standard in Catering Business” (trial version) appendix A. 
Preparation of oil standard stock solution˖Accurately weighs 0.100g of standard oil and put it into 
100ml flask, and constant the volume with petroleum ether. 
Preparation of oil standard using solution: Take 10.0ml oil stock standard solution and put it into 
100ml flask, and constant volume with petroleum ether. 
Drawing of standard curve: Take 0, 1.00, 3.00, 5.00, 7.00, 10.00ml of oil standard using solution 
separately and put them into six 50ml flasks respectively, and constant the volume with petroleum ether. 
Under the basis of selected wavelength (228nm), measure the absorbance of series standard solution and 
then draw the standard curve. 
Handling and testing of liquid sample: Extract nutrient solution in triangular flask by using petroleum 
ether, constant the volume to 50ml after extraction, and the amount of cooking oil in sample can be 
calculated by testing the absorbance of sample solution.   
Collecting and testing of gas sample: Collecting sample by the methods of air sampler and gas 
absorption. Sampling gas flow is 1L/min, and sampling time is 20min. Volume of petroleum ether 
absorption solution is 25ml.  
8) Device process   
The following figure showed the device process. 
Figuer1. Experimental device and process. 
Indicate: 1-air pump, 2-rotameter, 3-thermostatically warmer, 4-distillation flask, 5-thermometer, 6-surge flask, 7-
humidification flask, 8-bio-filter, 9-water pump, 10-tap water. 
9) Filter coating 
Inoculate 6 strains respectively to 150ml shaker medium in 300ml triangular flask, and develop it 
under the condition of 30  and 120r/min for 48 hours. Soak filter packing corncob by diluted medium ć
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solution for 24h, and keep the water content of the filler at 65%. Filling the soaked padding into packed 
tower which has 2 floors and each is 40cm tall. 
3. Results and discussions 
3.1. Primary screening of degrading bacteria 
There are 4 strains of bacteria (b1, b2, b3, b4), a mould (m1) and an actinomycetes (a1) that grew well in 
the primary screening medium, respectively.  
3.2. Rescreening of degrading bacteria 
Observation 6 strains saw that the growth condition and degradation to cooing oil in below table1, b4
is much better than other strains. 
TABLEĉ. THE COMPARISON OF DIFFERENT STRAINS’ OIL DEGRADATION RATE 
Strain Strain’s concentration/˄pc/ml˅ Degradation rate/% 
b1 3.5×108 49.5 
b2 7.0×106 43.6 
b3 3.5×109 50.4 
b4 3.5×109 50.7 
m1 2.7×106 45.2 
a1 8.3×103 45.5 
3.3. Optimizing the growth condition of strains  
Optimizing the addition amount of carbon source, nitrogen source and shaker’s rotation speed of b4.
1) The influence of the amount of carbon source on the growth of strains 
Fig.2 showed the influence of the additive amount of beef extract on the growth of strains, the best 
addition level 2.0g/L. The strains grow slowly since can get enough carbon source while the amount of 
addition is small; while the addition is too much that would also do harm to the growth of the strains since 
too much beef extract would affect the absorption of other nutrients. 
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Figuer2.The relationship between microbes and carbon source. 
2) The influence of the addition of nitrogen source on the growth of strains 
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Fig.3 showed the influence of the additive amount of peptone on the growth of strains. The influence 
of addition of peptone on the growth of strains is relatively large, the best addition level 5.0g/L. 
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Figuer3.The relationship between microbes and nitrogen source. 
3) The influence of the shaker’s rotation speed on the growth of strains 
    Fig.4 showed the influence of the shaker’s rotation speed on the growth of strains, the best rotation 
speed is 150r/min. When the rotation speed reaches 150r/min,  the value of dissolved oxygen in water and 
the growth and reproduction rate of microbial keep a dynamic equilibrium; if the rotation speed continue 
to increase, the microbe will run into the wall so intensely, which will inhibit its growth and reproduction 
speed [6].
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Figuer4.The relationship between the content of microbes and shaker’s rotation speed. 
3.4. Optimizing the degrading conditions of strains 
    Develop b4 in rescreening medium under optimal shaker rotation speed for 48h. Do single-factor 
optimizing test b4.
1) The influence of initial pH value on degradation rate 
Fig.5 showed the influence of initial pH value on degradation rate. The best initial pH value is 5.0, 
and the influence of initial pH value on degradation rate is made by affecting extracellular enzyme’s 
activity and quantity.  
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Figuer5.The relationship between initial pH value and degradation rate. 
2) The influence of cooking oil concentration on degradation rate 
Fig.6 showed the influence of cooking oil concentration on degradation rate; the best oil concentration 
is 3.0g/L. If the oil concentration is too low that would inhibit the growth of microbe; while the oil 
concentration is too high, the water-insoluble oil would condense, and the microbe’s contact specific 
surface area would decrease, which reduces degradation rate. 
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Figuer6.The relationship between oil concentration and degradation rate. 
3) The influence of degrading duration on degradation rate 
Fig.7 showed the influence of degrading duration on degradation rate. It is possibly explained that the 
microbe is in logarithmic growth phase at the beginning and the degradation increases quickly, but when 
the microbe stabilize after 32h’s growth, bacterial growth is balanced and stabilize the degradation rate. 
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Figuer7. The relationship between degrading duration and degradation rate. 
4) The influence of degrading temperature on degradation rate 
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Fig.8 showed the influence of degrading temperature on degradation rate. As temperature augments, 
the activity of extracellular enzyme increases, which leads to the increasing of degradation rate; but when 
the temperature is over 30 , the ć extracellular enzyme will be inhibited and that will reduce degradation 
rate. The best degrading temperature is 30  when the degradation rate is 50.3%.ć
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Figuer8. The relationship between degrading temperature and degradation rate. 
4. Conclusions 
x Enriching, separating and selecting one strain which has great degradability to cooking oil, it is b4.
x The optimal growth condition of b4 is as follows: carbon source (beef extract) 2.0g/L, nitrogen 
source peptone 5.0g/ L, rotation speed 150r/min. 
x The optimal degradation condition of b4 is as follows: initial pH value 5.0, cooking oil 
concentration 3.0g/ L, degradation temperature 30 , the degradation rate of oil will stabilize at above ć
48% after 32h. 
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